Conventional water analysis based on influent sampling holds a limitation of accuracy due to fluctuation of influent composition in time. The study was aimed at identification of the composition from a back-calculation of biological responses in the activated sludge reactor. The developed approach was based on IWA ASM1, which was structured by the influent constituents. A pilot-scale activated sludge 2 reactors (with and without primary settler were installed and operated continuously at Doan Thi Diem Str., Hue, Vietnam. Focusing on the activated sludge sampled from the reactor with a settler, the soluble biodegradable organic concentration in the influent was calculated. From the state variables in the activated sludge reactor, the organic matter and nitrogen compounds in the influent were calculated.
INTRODUCTION
In the combined sewage system, the constituents and concentrations of the municipal wastewater were unstable and varied in wide range due to the appearance of septic tanks placed prior to the sewer. In reality the performance of the septic tank process is recognized to be considerably scattered over the areas and the households due to no concrete design guideline and lack of regular maintenance [1] . According to Nguyen (2013) [2] , the effluent of the septic tank to the sewer noticeably varied, e.g. BOD 5 : 30-140 mg/L, SS: 27-200 mg/L and TN: 11-40 mg-N/L. This fact lead a challenge for planning and designing WWTPs since default influent concentrations could not be applied unlike other countries having no septic tank process.
In order to catch the influent concentration, on-site water sampling is widely used. Since the composition of the municipal wastewater is highly fluctuated and inconsistent along time, considerable number of water samples must be analyzed. In this regard, considering that the composition of activated sludge is the consequence of the influent and the operating condition, back-calculation of the influent material concentrations from the activated sludge constituents might be an attractive option. For the purpose, IWA Activated Sludge Models (ASMs) can be used in mathematical way [3] . Once such is built, the new technique can be incorporated to WWTP planning in the countries.
MATERIALS AND METHODS

Field Experimental Module
Reactor installation
Two sets of lab-scale activated sludge reactors (ASRs) were installed at Doan Thi Diem Street, nearby sewage tunnel to Tinh Tam Lake, Hue city, Viet Nam as illustrated in Fig.1 , 
The hydraulic loadings to ASRs were set at 134 L/d (HRT~ 3.9 hrs) and sludge retention times of the ASRs about 10 days. For ASR#1, about 10 mg-Al/L of poly-aluminium chloride and 1 mg/L of anion coagulant on the basis of influent flow to maximize the clarification of primary settling tank. The activated sludge sampling from the ASRs was initiated at about 7 day interval between February and May 2017.
Laboratory Analysis
Endogenous oxygen uptake rates (OUR e_OHO ) of ordinary heterotrophic organism (X OHO ) were measured from DO decrement, dataset of OUR e_OHO for 7 days obtained. Based on the decline of OUR e_OHO along with batch test (6-8 OUR e_OHO plots), specific decay rate (b OHO ) and the X OHO concentration in reactors were calculated with (1) [3, 4] and total 12 samples.
Where, OUR e_OHO(t) : endogenous oxygen uptake rate of X HO at the batch incubation time = t, f U : production of unbiodegradable inert organic particulate (0.20 g-COD/g-COD [5] ), b OHO : specific endogenous decay rate of X OHO (day As illustrated in Fig. 2 , S B was estimated from analysis of X OHO collected from ASR#1 (with primary settling tank) based on system condition. X U were also determined from X OHO and X ANO and the system condition (b OHO , b ANO , hydraulic retention time and sludge retention time). X I concentration was calculated from the COD-based activated sludge concentration (X total ) (X total = X OHO + X ANO + X U + X I ). XC B was obtained from the increment of X OHO between ASR#1 and ASR#2 (without primary settling tank). In similar manner, concentrations for XC B_org N , S B_N and X Ig were estimated respectively. Concentrations of MLSS, MLVSS and sludge COD were measured according to Standard method [6] . Dynamic simulation for MLSS and MLVSS concentrations was performed using GPS-X ver. 6.4, Hydromatis Inc.
Estimation of Constituents for Influent from Activated Sludge Biomass
RESULTS AND DISCUSSION
Specific Decay Rate of Ordinary Heterotrophic Organisms
The 24 data sets for b OHO were plotted together with the range of the 95% of confidence interval after normalization at 20 o C with a temperature coefficient 1.07 [3, 5] . As shown in Figure 3 , b OHO of both the ASRs seemed to be almost evenly scattered at around 0.13 -0.18 day 
Ordinary Heterotrophic Organism Concentration in the Reactor
From the OUR e_OHO and b OHO , X OHO concentrations in the activated sludge for ASR#1 and ASR#2 were obtained respectively. Due to the presence of particulate hydrolysable biodegradable COD materials (XC B ) in the influent of ASR#2 (without primary settling tank), slightly high X OHO concentration was recognised in ASR#2 during the period comparing to that in ASR#1 (without primary settling tank). Both X OHO concentrations in ASRs were slightly fluctuated along with time (Fig.4) indicating that the influent biodegradable organic concentrations were also fluctuated. Next, through the process rate explained by Equation The influent of Doan Thi Diem sewage contained about 31.2 mg/L of SS, 20 mg/L of VSS, 51.7 mg/L of C-BOD 5 , 42.9 mg/L of soluble C-BOD 5 (Fig. 5) . Nitrogenous matters of influent also were estimated with 4.1 mg-N/L and 3.1 mg-N/L of soluble and particulate biodegradable nitrogen respectively. Comparing to typical wastewater constituents in the countries having no septic tank [7] , noticeably low VSS and C-BOD 5 were obtained, which was in lower range of the filed monitoring by Nguyen (BOD 5 : 30-140 mg/L, SS: 27-200 mg/L and Total nitrogen: 11-40 mg-N/L) [2] . Working load compared to conventional water-sampling as listed in Table 1. For the conventional method, CH2M Hill Engineering ltd. and Hydromantis Inc. (1996) recommended to install an auto-sampler equipped with refrigerator when on-site water sampling was performed [7] . Furthermore, the conventional method required a number of analytical items for SS, VSS, C-BOD30, soluble C-BOD30, COD and soluble COD in order to catch biodegradable organic compounds whilst N-BOD30 and soluble N-BOD30 were needed for biodegradable nitrogen compounds (total 8 analytical items). This corresponded to 480 analyses if daily sampling was conducted for 60 days. On the other hand, the method developed in this study required only OUR e_OHO , OUR max_ANO , particulate COD and ash fraction (=MLSS-MLVSS) of the activated sludge in 2 ASRs (total 10 analytical items) with 6 sampling frequencies. In case of 60-day on-site experiment, total 60 analyses were needed, which was 1/8 of the conventional working load. In addition, because of simple experimental procedures for OUR and COD unlike BOD, the work might be carried out at on-site if quick sample delivery to the laboratory was practically difficult. In addition to the small working load, it was pronounced that the back-calculation approach allowed enabling various simulations on the ASM platform to assess other possible biological processes in interest.
CONCLUSIONS
A back-calculation of wastewater concentrations from activated sludge constituents was evaluated using a set of lab-scale on-site activated sludge reactors (with and without primary settling tank) and IWA Activated Sludge Model. Following results were obtained in this study.
From the regular monitoring of the endogenous oxygen uptake rate and COD analysis, the influent state variable concentrations for biodegradable organics and biodegradable nitrogenous materials were estimated. The estimated influent load could dynamically simulate the MLSS and MLVSS concentrations in the activated sludge reactors throughout the continuous operation for 90 days.
The developed method to estimate the influent concentrations required total 60 analytical items per field test including oxygen uptake rates, COD, MLSS and MLVSS. Comparing to the conventional water analysis, the method enabled to reduce the analytical items by about 80% when 2-month field analysis was conducted.
